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PREFACE 

In February 1965, Dr. Ernst  Stuhlinger, Director, Research Pro- 
jects Laboratory ( now Space Sciences Laboratory ), initiated a 
series of Research Achievements Reviews which set forth those 
achievements accomplished by the laboratories of the Marshall 
Space Flight Center. Each review covered one o r  two fields of re- 
search in a form readily usable by specialists, systems engineers 
and program managers. The review of February 24, 1966, com- 
pleted this series. Each review has been documented in the "Re- 
search Achievements Review Series. '' \ 

In March 1966, a second series of Research Achievements Reviews 
was initiated. This second series has emphasized research areas 
of greatest concentration of effort, of most rapid progress, o r  of 
most pertinent interest to our research community. These reviews 
are being documented and published as IIResearch Achievements 
Review Reports, Volume 11." Volume I1 will cover the reviews 
extending from March 1966 through February 1968. 

William G .  Johnson 
Director, Experiments Office 
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FOREWORD 

Research Achievements Review No. 8, Volume II, was presented May 25, 1967. 
The paper that follows is a brief discussion of third generation computing at 
MSFC. This paper was prepared from the material presented at the review, 
which included the following talks: 

1. Introduction to Computing at MSFC - by Helmut Hoelzer 

2 .  History of Computers and Their U s e  at MSFC 
- by Charles P. Hubbard 

3. The Third Generation Concept in Computing 
- by William Fortenberry 

4. Application of the Third Generation Concept to 
MSFC Computation Problems - by Carl  Prince 

5 .  Technical Description of MSFC’s Third 
Generation Computer System - by John C. Lynn 

6. Implementation of Third Generation Computing 
at MSFC - by James T .  Felder, Jr. 

7. A Look at the Future in Computing at MSFC 
- by Helmut Kerner 
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IRD GENERATION COMPUTING AT MSFC 

INTRODUCTION The 55 teletypes that will be provided at remote 
locations offer rapid response to each individual user. 

Letters and numerals can be displayed by the 
computer on the scope of 28 CRT (Cathode Ray Tube) 
stations, while 10 otner CRT stations can provide 
computer generated pictures on their screen o r  allow 
the user to draw on the screen with a light pen. Thus 
the pictures can be altered by erasing lines and draw- 
ing other lines and picture segments on the screen. 

The UniVac 1108 third generation ( 3 ' 3  computer 
at MSFC (Fig. 1) will  have the capability to handle 
multiple requests from the equipment shown in Fig- 
ure 2. This time sharing ability will provide the 
entire Marshall Center with adequate means to pro- 
cess computer operations from almost any location. 

FIGURE 1. 1108 COMPUTER 
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FIGURE 2. 1108 REMOTE STATIONS 

A drawing of component o r  structure can be changed 
by adding or  deleting items to assemble a new design 
concept. 

Most of the 24 high speed lines will connect 
general purpose remote stations comprised of card 
readers and printers to the 1108 computer in the 
Computation Laboratory. A few of the 24 high speed 
lines will be transmission paths to connect satellite 
computers to the 1108. The satellite computers in 
other laboratories may be located up to a distance of 
one mile from the l i O 8  in the Computation Laboratory. 
These satellite computers can possibly be used to 
contro? large operations such a s  the static firing of 
an engine or the automatic checkout of a complete 
stage. Each of the 24 high speed lines has the capa- 
bility to transmit 50,000 bits per second, an ample 
electronic transmission capability. 

* 

COMPUTER OPERAT IONS 

This operation of the 3G computer is made 
possible by multiprogramming, multiprocessing, 
internal and external interrupt capability initiated 
from either the main 1108 location o r  the semote 
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TELETYPES 
( 55) 

sites, and the ability to do all peripheral work 
(reading cards, printing, storage on tapes) directly 
from almost any location. The hardware is modular, 
thus the components, such a s  memory banks, pro- 
cessors,  input-output channels, and peripheral com- 
munication devices can be added to the system to 
increase its power. The engineer’s thinking and the 
machine‘s computing pFocess can now become one 
continuous, integrated operation. 

Multiprogramming. Multiprogramming is the 
sharing of a processor when a computer handles 
several programs in sequential operations. The 
processor has the ability to address all of the com- 
puter’s memory through a switching mechanism, and 
thus can address all of the programs residing there. 
Many programs can reside in the computer‘s memory 
because of its vast  size, but are located in different 
locations; thus the central processor can act upon 
programs sharing the same memory whenever there 
is a pause in processing one program. The processor 
can operate physically on only one program at a time, 
causing the program to initiate some input or output 
function during which time a pause in the sequence is 
required. At this point a switch takes place and the 
processor moves from the operating program to 
another program residing in core and initiates some 
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action on the new program. Except for the time 
needed for switching, the processor is in use i O O %  
of the time. 

Multiprocessing. Multiprocessing is the employ- 
ment of two o r  more processors that can address the 
entire computerfs memory simultaneously. Several 
processors provide the capability to independently 
and simultaneously handle several programs. More 
programs than the number of processors can be 
operating, because when some programs a re  per- 
forming input-output functions, the processors have 
searched memory and found other programs upon 
which to operate. The 1108 computer a t  Marshall 
wil l  have three processors, therefore more than 
three programs can be operated on by the processors 
a t  any given time. 

Time Sharing. Time quantums can be allocated 
to each program when several processors a r e  hand- 
ling a number of programs. The time quantums a r e  
allocated from the total amount of time available in 
the CPU (Central Processor Unit) . 

Interrupt System. When an interrupt occurs, 
the computer allows the program to complete a 
specific machine function, then moves to a precoded 
solution to solve the interrupt. 

Types of Interrupts : 

Program dependent types of interrupts 
(divide by zero in math equation) . 
Nonprogram dependent interrupt 

Input-Output functions 

Diagnostic problems 
(an e r r o r  occurs in a memory bank 
and requires the attention of the ''EXEC" 
to mark that memory bank off line 
automatically) . 

Storage. The main memory of the second 
generation computer now in use a t  MSFC has 32,000 
words core storage capability. The 3G computer 
will have 262,000 words core storage capability. 
The total of i 1/2 billion characters of storage can 
be expanded several orders of magnitude by adding 
more huge Fastrand drums with the practical limita- 
tion being the amount of facility space. The word size 
for both computers is 36 bits. The validity of results 
is assured by carrying one extra bit that serves a s  a 
check on the information (parity check). There is  

parity checking on all  storage references; and con- 
tinuous overlapping and interleaving operations a r e  
being run. Overlapping means that a reference to 
main storage is occurring while the processor is 
decoding the previous instruction. Interleaving is 
the simultaneous searching of odd and even banks of 
storage. The total 262,000-word main storage is in 
banks of 65,000 words that a r e  divided into odd and 
even sections of 32,000 words each (interleaving on 
one bank is possible). Since three processors share  
or compete for memory, the multiprocessor-adapter 
assures that no processor will be more than one 
memory cycle behind any other processor in access 
to a memory bank. The input-output controllers 
(large multiplexers) will handle 24 high speed data 
channels that will allow additional input-output devices 
to join the systems. 

Memory Protect Features. 

i .  Read Protected - Only the author can call 
up the data. 

2. Wri te  Protected (Memory Protect 
Feature) - A lockout capability prevents 
the data from being destroyed or  over- 
written so  that several users can share the 
same data. 

Types of Problems. 

Compute Bound - requires little input 
and a great deal of manipulating and com- 
putation by the processor in the central 
unit, thus wasting the external communica- 
tion power of the computer. Typical prob- 
lems of this unit a r e  ( i )  to find the Eigen- 
values of a large matrix, (2) solving 
simultaneously a large system of equations, 
and (3) solving for certain key points along 
a long trajectory. 

Input-Output (IO) Bound - requires large 
amount of IO and little operation by the 
processor, thus wasting the computing power 
of the system while the tapes and printers 
a r e  functioning to receive the data and make 
a reply. Typical problems of this kind a r e  
( i )  to furnish personnel reports, (2) to 
compile contract status reports, ( 3 )  to 
inventory catalogues of data, and (4) to 
run the payroll. 

Consolidating Volumes of Data - requires 
storage capability with up to i i / 2  billion 
characters available on Fastran drums for 
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compiling files of data for engineering 
requirements. These problems include 
(1) design and development of a large 
project, (2) changes to specifications, 
and (3) data storehouses. 

Capabilities. The third generation computer 
can respond a s  quickly as the engineer can change 
the design and data on the CRT screen or review 
plans and diagrams presented by the computer. To 
exploit such rapid communications between the 
engineer and computer requires program-oriented 
languages that make extensive use of new pictorial 
and graphical methods for stating the problem and 
presenting the results. Standard programs on call 
from memory devices in the computer can be used 
to solve the problem when the computer has sufficient 
information, possibly in pictorial form and in equa- 
tions, and has converted these data to a form to be 
processed by conventional problem solving programs. 

Some computer operations make use of pictorial 
or  graphical means for the statement of the problem 
and the presentation of the results. They can be 
separated into two main areas  of application (Fig. 3) . 

I. TOPOLOGICAL 

A. ELECTRONIC CIRCUIT ANALYSIS 
6. PERT 

2. GEOMETRICAL 

A. STRUCTURAL AN0 STRESS ANALYSIS 
8. VIBRATION STUDIES 
C. HEAT-TRANSFER STUDIES 

D. AERODYNAMICS APPLICATIONS 
E. ENGINEERING DRAWING RETRIEVAL *)IDMR NODlfIc*TiON 

FIGURE 3. COMPUTER GRAPHICS APPLICATIONS 

One group of problems requires providing topological 
relationships between objects to solve applications 
involving electronic circuit design and analysis, 
design of feedback control systems on a block level, 
PERT systems, and structured data that can be pre- 
sented in a flow or organizational chart. The other 
group of problems can be solved by the computer by 
receiving the data in geometrical form. This type of 
applications includes structural and stress analyses 
of space vehicles, vibration studies, heat transfer 
studies, and aerodynamic applications. In the future, 
engineering drawings can be modified by drawing on 
the Bcreen with a light pen and automatically receiving 
a copy of the revised drawing. 

PROBLEM-OR I ENTED LANGUAGES 

TOPOLOGICAL PROBLEM STATEMENTS 

1. Circuits 
Circuit analysis problems are  stated topo- 

logically. The engineer has a choice of block, such 
a s  amplifiers o r  resistors, etc. When the inter- 
connections of the system a r e  defined by the use of 
the light pen, the computer can evaluate the circuit. 
Given certain input signals, the response a t  any point 
specified by the light pen can be obtained and dis- 
played on the screen. 

Likewise, the same process can be followed 
with feedback control systems of electric o r  electro- 
mechanical systems. In this case the blocks would 
represent transfer functions. With the light pen the 
user could interconnect the different blocks and specify 
the type of block, e. g., a differentiator, adder, and 
integrator. Then, by using the verbal features of the 
teletypewriter, functions within the block can be de- 
fined by writing the equation. The computer then pro- 
cesses the data and draws and types the results to 
prepare enough information for the engineer to make 
decisions. 

Figure 4 shows a sample circuit an 
engineer might design. When needed, the using 
engineer can change the constants of the transfer 
function o r  the equations themselves from the tele- 
typewriter. An iteration of the procedure to find a 
solution wil l  take only minutes a s  opposed to a t  least 
a day on today’s system. 

AMPLIFIER 

CAPACITOR 

GROUND 

INWCTOR r-’*z! MOTOR 

RECTIFIER 

RESISTOR 

SWITCH 

- - 

FIGURE 4. ELECTRONIC CIRCUIT 
DESIGN AND ANALYSIS 

2. Marves 
Another example of this programming system 

that was developed at Marshall is MARVES (Marshall 
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Vehicle Engineering System), a language for compu- 
tation of trajectories. 
sents a physical effect o r  a mathematical method. 
Most trajectory problems can be constructed with 
these building blocks. Since the using engineer can 
not be expected to have a working knowledge of all 
100 and more different blocks, some type of retrieval 
system is needed to assist him in the composition of 
his program. This service can be requested by 
typing MARVES on one of the teletypewriters. Tile 
computer wil l  respond by offering the first level of 
options via display on a CRT console (Fig. 5) to the 
user,  who takes his choice by merely pointing with 
his light pen. 
puter will offer the next lower level of options and so 
forth until the problem is completely specified. When- 
ever the user does not vote for any option, the coni- 
puter will  take a standard route. Finally the coni- 
puter will l ist  all modules selected, which the user 
can niodify o r  exchange later. 

Each of its 100 modules repre- 

Depending on his choice, the coni- 

GEOMETRICAL PROBLEM STATEMENT 

I .  Lifting Body 

The geometrical form input to the computer 
could present new techniques for conducting aero- 
dynamic studies of a lifting body. Given a group of 
basic building blocks consisting of cones, cylinders, 
spheres, and different two-dimensional features such 
a s  triangles, through a movement of the light pen the 
designer could move the two-dimensional representa- 
tion of the cone and connect it to the two-dimensional 
representation of the cylinder and half of a sphere, 
etc., and a composite picture would appear. Fins 
for the flight stage can be added later. Thus the 
designer can define a geometrical body and thereby 
implicitly define his design problem by using a simple 
language of pictures supported by numerical param- 
eters. 

CONSTANT R 
~ s-IVB 

PRESET 
ATTITUDE 

PRESET 
ALPHA 

VARIABLE 

D 
FIGURE 5. EXAMPLE OF LEVEL 1 AND LEVEL 2 OPTIONS AVAILABLE FOR THE 

6 -DEGRE E-OF-FREEDOM EARTH CENTER ED TRAJECTORY PROBLEM 
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To completely define the concept, the engi- 
neer stipulates the geometrical aspects of the design 
to include the thrust required for the vehicle. The 
computer than makes an evaluation. A s  a result, 
drag, lift, and the center of this lifting force can be 
obtained and dispIayed on the screen. Whenever the 
engineer specifies the material property, the center 
of gravity can be computed (Fig. 6) . This is a typi- 
cal example of a problem-oriented pictorial language. 

F I  LIFT 
F2 DRAG 
F3 THRUST 
F4 GRAVITY 

@ CENTER OF LIFT 

BASIC BUILDING 
BLOCKS 

/- / 

FI 

@ CENTER OF GRAVITY 

v F4 

FIGURE 6. AERODYNAMIC STUDIES 
(LIFTING BODY) 

2. Structures 
It is quite obvious that a similar procedure 

can be used for the design of structures. The designer 
can shape, size, and position any of the basic building 
blocks, by use of the light pen. A t  any selected posi- 
tion in space the' computer would then produce a three- 
dimensional (perspective) picture of the composite 
structure by connecting the basic building blocks 
(Fig. 7) . The computer would also display two- 
dimensional projections and compute the commands 
for a numerically controlled manufacturing process. 

I NFORMAT I ON RETR I EVAL SYSTEMS 

A third interesting category of problem-oriented 
languages is information retrieval systems. A typical 
example at Marshall Space Flight Center is the techni- 
cal. library. Given a set of key words, the computer 
will  print out a list of all journals or books in the 
library that deal with the subject matter. 

Retrieval systems can be designed for particular 
organizations and programmed to prevent duplication 
in data storage and transmission. The design of such 

--e A-- 
FIGURE 7. STRUCTURAL DESIGN 

systems and access to the data depend upon many 
factors that a r e  too complex to be discussed in this 
paper. 

ONBOARD COMPUTER 

A significant evolution is taking place in onboard 
computers. Previously the onboard computer per- 
formed only guidance and control operations. Today's 
Saturn computer uses only 20 to 30 percent of its 
time for the classic guidance and control problem. 
Looking toward Voyager and beyond, it appears that 
only a small percentage of computer time will be. used 
for the guidance and control function; the main com- 
puter function wi l l  be data management and data com- 
pression. Further, it wil l  be necessary to build a 
computer that will last a t  least three to four years 
for a manned Mars mission. In the case of a failure 
it should not break down totally (concept of the gra- 
cious degradation). Power must be much lower than 
the present kilowatts; it must be rather in the order 
of watts only. 

It is believed that with the LSI technology that 
will be available in the early 1970's, it will be possi- 
ble to build computers to meet such requirements and 
to find the proper computer organization for these 
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applications. Years of work by mathematicians and 
computer designers will be necessary. The powerful speed. Its executive system wil l  be evaluated toward 
third generation computer a t  MSFC will be intensively 
used for simulations of the onboard machines to ob- 
tain knowledge about the reliability of such a pre-  

dicted new computer concept a s  to its accuracy and 

the features of self-organizing. The Computation 
Laboratory is presently organizing to begin to work 
toward these goals. 
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UNITS OF' MEASURE 

In a prepared statement presented on August 5, 1965, to the 
U. S. House of Representatives Science and Astronautics Committee 
(chaired by George P. Miller of California), the position of the 
National Aeronautics and Space Administrationon Units of Measure 
was  stated by Dr. Alfred J. Eggers, Deputy Associate Administrator, 
Office of Advanced Research and Technology: 

IfIn January of this year NASA directed that the international 
system of units should be considered the preferred system of units, 
and should be employed by the research centers as the primary 
system in all reports and publications of a technical nature, except 
where such use would reduce the usefulness of the report to the 
primary recipients. During the conversion period the use of cus- 
tomary units in  parentheses following the SI units is permissible, 
but the parenthetical usage of conventional units will be discontinued 
as soon as it is judged that the normal users of the reports would 
not be particularly inconvenienced by the exclusive use of SI units. I f  

The International System of Units (SI Units) has been adopted 
by the U. S. National Bureau of Standards (see NBS Technical News 
Bulletin, Vol. 48, No. 4, April 1964). 

The International System of Units is defined in NASA SP-7012, 
'!The International System of Units, Physical Constants, and 
Conversion Factors,Ir which is available from the U. S. Government 
Printing Office, Washington, D. C. 20402. 

SI Units are used preferentially in this series of research re- 
ports in accordance with NASA policy and following the practice of 
the National Bureau of Standards. 
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